Very fine particles (carbidffior carbonitrides) of the order of 20 A were extensively examined in the ferrite regions of dual-phase steels subjected to intercritical annealing followed by fast quenching to room temperature. These particles are probably formed during qu~nching after intercritical annealing. The driving force for the precipitation reaction may arise from the supersaturation of carbon (or nitrogen) in the ferrite phase. These precipitates in certain alloy compositions cause a deviation from the generally observed two phase mixture rule in that the strength of the dual-phase steels having a higher volume fraction of martensite is lower than that having a lower volume fraction of martensite. Thus, the influence of such precipitates must be considered in the structure-property relations of dual-phase steels when fast quenching is employed after intercritical annealing.
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Which may be borrowed for two weeks. quenched dual-phase steels ' . Important consequences of this precipitation on the mechanical behavior of dual-phase steels was first 3 reported by Thomas and Koo . This paper presents recent developments on the microstructure and mechanical properties of various dual-phase steels containing fine precipitates. Emphasis will be placed on the origin and characteristics of the particles, and the influence of alloying elements on the formation and morphology of the particles.
FORMATION OF FINE PRECIPITATES
By holding in the (a+y) region, the steel will consist of low carbon ferrite (a) and higher carbon austenite (y). Although the carbon content in the ferrite is negligibly small compared to that in the austenite, it could be significant enough to cause precipitation in the ferrite. This can be seen from the Fe-rich portion of the Fe-C phase diagram 5 , which clearly indicates that the solubility of carbon in ferrite at the intercritical annealing temperature is many times (~100 times at about 50% volume fraction of ferrite) greater than that at room temperature. This situation is enhanced when a ferrite stabilizing element, e.g., Si is present in the steel as an alloying element.
Thus, quenching from the intercritical annealing temperature creates a large supersaturation of interstitial carbon which can provide a driving force for carbide precipitation in the ferrite. The quenching rate is critical in the formation of the precipitates since, if slowly cooled from the (a+y) region, the supersaturation of carbon in the ferrite will be reduced or eliminated due to the diffusion of carbon into the shrinking austenite.
It is also important to note from the Fe-C phase diagram that, in the ~+Y) field, the solubility of carbon in ferrite decreases as the intercritical annealing temperature increases. This means that the carbon supersaturation level at room temperature increases as the intercritical annealing temperature decreases, or alternatively as the volume fraction of martensite decreases in the final quenched product.
As a result, it should be expected that the higher the volume fraction of martensite, the lower the density of precipitates in the ferrite region.
The mechanism for this precipitate formation will be discussed in a later section.
ALLOY SYSTEMS STUDIED
The microstructures of dual-phase steels which were extensively investigated with respect to the precipitation phenomena are described in this section. The essential part of the dual-phase heat treatment is that after intercritical annealing all the alloys were subjected to either a water quench (WQ) or an iced brine quench (IBQ) unless otherwise specified. 
1,2 1nves 1gators
The other transformation products of austenite, e.g., bainite and pearlite were not observed due to the fast quenching rate. The "retained ferrite", the ferrite regions retained during the intercritical annealing treatment 6 , showed a relatively low density of fine precipitation ( Figure 5(b) ).
The microstructures observed in the V modified steel after the 800°C IBQ treatment were similar to those of the base steel as described above, except for discontinuous precipitation in the "new" ferrite near the martensite/ferrite boundaries, and for an increased density of fine precipitation in the retained ferrite. The morphology of the discontinuous carbide precipitation is shown in Figure 6 (a). The precise identification of the carbides was not attempted in this study, but they are presumably cementite 6 ' 7 or a vanadium carbide 8 ' 9 . This type of structure is similar to the new eutectoid transformation products observed in the isothermal decomposition of austenite in steels containing strong carbide forming elements.
In the retained ferrite regions, very fine precipitates were extensively observed, as shown in Figure 6 (b). The density vras higher in this alloy than that in the base steel, and this indicates that V enhances the formation of such precipitates. The contrast characteristics of the particles appear to be identical to those observed in the Nb containing The particles were observed in all the steels we have thus far investigated regardless of alloy compositions. These precipitates in certain alloy compositions, especially those containing Nb caused a relaxation of the two phase mixture rule, i.e., the strength of the dual-phase steels having a higher volume fraction of martensite was lower than that of a lower volume fraction of martensite.
Thus, the influence of such precipitates must be considered in the structure-property relations of dual-phase steels when the fast quenching is employed after intercritical annealing. 
